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SELF ALIGNED VERTICAL POWER MOSFET 

WITH ENHANCED BASE REGION 

5 

This application is a division of commonly-assigned U.S. Serial No. 
08/106,406, filed August 13, 1993, now U.S. Pat. No. 5,801,417, issued 
September 1 , 1998, which is a division of commonly-assigned U.S. Serial No. 
07/927,169, filed August 7, 1992, now U.S. Pat. No. 5,283,201, issued 
10 February 1, 1994, which is a continuation-in-part of commonly-assigned 
copending U.S. Ser. No. 07/852,932, filed March 13, 1992, now U.S. Pat. No. 
5,262,336, issued November 16, 1993, which is a continuation of U.S. Ser. 
No. 07/751 ,441 , filed Aug. 28,1991 , now abandoned. 

1 5 BACKGROUND OF INVENTION 

This invention relates generally to power MOS field-effect devices, 
which includes power MOSFETs, insulated gate bipolar transistors (IGBT), 
MOS controlled thyristors and the like, and more particularly to recessed 
gate, rectangular-grooved or U-grooved power MOS field effect devices, 

20 commonly referred to as RMOSFETs or UMOSFETs. 

Power MOSFETs have been recognized as provided a number of 
advantages over power bipolar transistors, particularly in regard to fast 
switching response, high input impedance and high thermal stability. A major 
disadvantage of power MOSFETs is their large ON-resistance and forward 

25 voltage drop compared to bipolar transistors. Significant efforts have gone 
into reducing the ON-resistance per unit area. These efforts include reducing 
the cell size of the devices to increase cell density, but the ability to do this in 
conventional VDMOS devices is limited by the presence of a parasitic 
junction FET between adjacent cells which increases ON-resistance as the 
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device structure is scaled to smaller cell sizes. K. Shenai, "Optimally Scaled 
Low- Voltage Vertical Power MOSFET's for High Frequency Power 
Conversion" IEEE Trans, on Electron Devices, Vol. 37, No. 2, April, 1990 
describes how the VDMOS device structure, having the gate and channel 
5 extending horizontally along the top surface of the semiconductor substrate, 
is inherently limited in density, necessitating other measures to reduce ON- 
resistance. 

To avoid this inherent limitation, another class of power MOS field- 
effect devices has been developed using a recessed gate, in which the gate 

10 and channel are formed vertically along a sidewall of a channel or trench 
etched in the semiconductor substrate. These devices include rectangular- 
grooved or U-grooved power MOS field effect devices, commonly referred to 
as RMOSFETs or UMOSFETs. An early device of this type appears in U.S. 
Pat. No. 4,070,690 to Wickstrom. The source, channel and drain are formed 

15 by successive layers deposited on a substrate and trenched through for gate 
oxide formation and gate metal deposition on sidewalls of the trench. A 
variation of this approach, called the VMOS, is shown in U.S. Pat. No. 
4,145,703 to Blanchard et al. Subsequently, it was recognized that the 
vertical channel orientation in this type of device could be scaled down to 

20 increase cell density without parasitic junction FET effects and thereby 
reduce ON-resistance below the inherent limitations of VDMOS devices, 
(see D. Ueda et al. "A New Vertical Power MOSFET Structure with Extremely 
Reduced On-Resistance" IEEE Trans, on Electron Devices, Vol, 32, No. 1 , 
January, 1985) Further development of recessed gate technology is 

25 summarized below based on references listed at the end of the detailed 
description. 

The usual starting material is a N+ wafer with a <100> oriented N 
epitaxial layer of a resistivity and thickness in the ranges of 0.1-1 .0 ohm-cm 
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and 5-10 urn for low voltage MOSFETs to achieve a breakdown voltage of 
15-55 V using rectangular striped grooves. This voltage range can be 
changed by adjusting untrenched P-base width, trench depth and width, and 
epi-layer doping. The N+ substrate can be replaced by a P+ substrate to 
5 make IGBTs as in DMOS technology. 

A blanket P-type implant into the top surface of the epitaxial layer is 
diffused to 1.5-2.0 um depth to form a P~type body region. A first mask can 
be used at this stage to define N+ source regions. 

An oxide layer is thermally grown and a trenching protective layer of 

10 silicon nitride (or LPCVD oxide, polySi/SiNi/oxide or other layer resistant to Si 
etching) is deposited to protect P-body/N-source regions from trenching. 

Regions to be trenched are photomasked, at right angles to the source 
regions if they have been defined previously, and the trenching protective 
layer is etched. Reactive ion etching (RIE) is then used to form the gate 

15 trenches, typically to a depth of 2 um but variable as discussed below. 
Reactive ion etching can damage the substrate surface, causing high surface 
charge and low surface mobility. Chemical etching and sacrificial 
oxidation/etching steps are typically performed to restore surface mobility and 
channel conductance. 

20 Gate oxide of 500-2000A is regrown in the trench, and -6000 A thick 

polysilicon is deposited in the trench and doped to a sheet resistance of 
about 20 ohm/n . A second polysilicon layer is deposited to planarize the 
surface and etched back to clear the trenching protective layer. The 
trenching protective layer can be used in a self-aligned LOCOS (Localized 

25 Oxidation of Silicon) step to selectively oxidize and isolate the polysilicon gate 
structures from the P-body/N-source regions. The maximum LOCOS film 
thickness is limited by minimum linewidth because of "birds beak" sidewalll 
oxidation encroachment With a 2 um/2 um minimum gate/source design 
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rule, this layer cannot be much greater than 1 um thick or the source region 
will be completely sealed off by LOCOS encroachment. The LOCOS 
process further induces stress immediately surrounding the selective 
oxidation zone, wherein the MOS channel is formed, reducing surface 
5 mobility and increasing channel resistance. 

If the source region has not already been defined, another 
photomasking step is performed to introduce the N-type source regions into 
the P-body contact regions, usually with a striped geometry perpendicular to 
the trench sidewalls, to effect distinctive P and N dopings at the top surface 

10 of the silicon, to short the P-body to the N+ source regions (10). This 
technique produces pinched P-base regions which are of wide dimensions, 
typically 2 um or more, and must be meticulously controlled in the 
photolithographic process. This step causes loss of channel width wherever 
N+ source is absent and reduces device ruggedness. 

15 In one approach (2, 5, 10-Fig. 10), to improve packing density and 

more tightly control the lateral extent of the pinched B-base and avoid 
photolithographic control, lateral N+ diffusions are made from the windows 
formed in the trenching protective layer prior to trenching. In this approach, 
the P and N+ diffusions are fully diffused before gate oxidation, without 

20 partitioning the respective diffusion times to allow part of the diffusion cycles 
to be used for annealing RIE- and LOCOS-induced surface stress and 
defects. Also in this approach, contacts are made on lighter doped N+ 
diffusions, increasing series resistance of the device. A tradeoff is required 
between pinched base resistance and source contact resistance. There is a 

25 lower limit to how small the lateral diffusions can be made and consistently 
opened up after the LOCOS gate polysilicon oxidation due to "birds beak" 
formation. A dimension anywhere between 50% and 80% of the polysilicon 
LOCOS oxide thickness may not be available for a source contact of highest 
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doping. 

Another approach is to form a second trench through the N-source 
layer down to the P-body to receive source metal. This trench can be 
patterned by a separate photomasking step (1) but this approach is subject 
5 to critical alignment and size conditions. A self-aligned approach (11) 
depends on the ability to control both formation of the LOCOS oxide layer 
used to self-align this trenching step and to control the etching process itself. 
As noted above, "birds beak" formation can seal off the area to be trenched. 
Once the basic recessed gate structure is formed, gate vias are 

10 opened to allow metal connections to the gate electrode in a self-aligned 
process. Frontside metal is deposited and patterned to delineate the gate 
and source (cathode) electrodes. Passivation deposition and pad patterning 
seal the device surface and open up the bonding pads. The backside of the 
silicon wafer is metallized to form the drain (anode) electrode. 

15 Ueda et al have demonstrated that the lowest ON-resistance (Ron) is 

achievable in a device in which the gate is trenched all the way through the 
N-epitaxial layer to the substrate (2). Unfortunately this approach also 
demonstrates a monotonic decrease in breakdown voltage as trench depth is 
increased. This decrease is due to reduction of the epi-layer thickness below 

20 the trench and higher electric field at the corners of the trench (7). Another 
problem with the deep trench is that the gate oxide might rupture at the 
corner of the trench because of high field intensity (7). The breakdown 
voltage is generally divided between gate oxides and depleted silicon. As 
trench depth is increased, the thickness of silicon under the trench is 

25 reduced, shifting more of the gate-drain voltage to the gate oxide and 
increasing the likelihood that the oxide layer will rupture. Thickening the gate 
oxide will improve the gate rupture resistance of the oxide layer but also 
increases channel resistance. 
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Accordingly, a need remains for a better fabrication method and 
structure for a vertical channel field effect MOS power device. 

SUMMARY OF INVENTION 
5 One object of the invention is to avoid the uncertainties and difficulties 

of photolithography and LOCOS layer formation in forming the functional 
areas of recessed gate field effect power MOS device. 

Another object is to facilitate P-body and N-source shorting without 
having to trade off series source resistance against vertical channel 
1 0 resistance in a recessed gate field effect power MOS device. 

A further object of the invention is to avoid LOCOS induced stress in 
silicon to increase the yield of functional recessed gate field effect power 
MOS devices. 

The invention is a recessed gate field effect power MOS device 
15 structure and fabrication process which are improved in several aspects. 

One aspect is the use of a sidewall spacer on the trenching protective 
layer in a self-aligned process to control lateral extent of the pinched P-base 
width. Improved rugged ness of the device and an effective doubling of 
channel width over prior art are achieved. The sidewall spacer is formed by 
20 deposition and etching to define the spacer width, thus avoiding the 
uncertainties and difficulties of photolithography and LOCOS layer formation 
in defining the N+ source region. 

Another aspect of the invention is that the trenching protective layer is 
formed by using an oxide (or oxynitride) layer on a polysilicon layer on thin 
25 thermal oxide, instead of SiNi on oxide. No LOCOS step is needed in this 
method. The top oxide layer provides selective protection against silicon 
trench etching and polysilicon gate etching, preferably by SF 6 -0 2 plasma 
etching. In one embodiment, the oxide layer is preferably -5000 A thick but 
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can be 2000-8000A thick depending on trench depth, gate polysilicon 
thickness and the etch rate selectivity between silicon and oxide. The 5000A 
oxide film is sufficient to block 2-5 um of silicon trenching plus additional 
margin for gate polysilicon etching. The polysilicon layer in this embodiment 
5 is preferably 1000-3000A thick and is used to protect the future source 
region, to support the sidewall spacers, and to enable the deposition and 
complete isolation of gate polysilicon. The lower oxide layer is preferably 
-500A thick (range of 500 to 1000A thick) and serves as an etch stop under 
the polysilicon layer. A second embodiment uses a polysilicon layer 
10 preferably formed in a double layer with an intermediate etch-stop oxide 
layer below a sacrificial top polysilicon layer. In this embodiment, the lower 
polysilicon layer is thicker (e.g., 1 5000-1 6000A), the intermediate etch-stop 
oxide layer is thinner (e.g., 1000-2000A) and is covered by a polysilicon layer 
of about 5000A. 

15 A further aspect of the invention is the introduction of a second trench 

in the body region to create source contacts on the trench sidewalls and body 
contacts on the trench sidewalls and bottom wall. Doing this with sidewall 
spacers provides self-alignment without the drawbacks of LOCOS formation. 
This approach thus produces a field effect power MOS device with a 

20 recessed source as well as a recessed gate. This structure is highly 
advantageous in switching inductive loads as it will shunt substantial reverse 
currents directly to the source contacts, which are preferably metal 
conductors. This structure also provide a very low resistance short between 
the body and source (base and emitter) to prevent reverse biasing of the 

25 body/source junction and minimize potential for latching of the parasitic NPN 
bipolar transistor formed by the source, body and drain regions. This is 
particularly advantageous if the device is fabricated on a P-type substrate to 
make an IGBT or other MOS gate-controlled four-layer device. 
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The foregoing and other objects, features and advantages of the 
invention will become more readily apparent from the following detailed 
description of a preferred embodiment which proceeds with reference to the 
accompanying drawings. 

5 

BRIEF DESCRIPTION OF DRAWINGS 
FIGS. 1-12 are cross-sectional views of a portion of a silicon 
substrate showing fabrication of power MOS devices in accordance with 
exemplary embodiments of the invention. 
1 0 FIG. 13 is a perspective view of a device made by the process of FIGS. 

1 -12. 

FIGS. 14-20 are cross-sectional views corresponding roughly to FIGS. 
5-12 showing fabrication of a recessed gate field effect power MOS device 
in accordance with a second embodiment of the invention with a double 
1 5 polysilicon gate structure which terminates depthwise within the N+ substrate. 

FIG. 21 is a cross-sectional view corresponding to FIGS. 12 and 20 
showing fabrication of a device in accordance with a third embodiment of the 
invention with a double polysilicon gate structure which terminates depthwise 
within the N-type epitaxial layer above an N+ buffer layer formed on a P+ 
20 substrate to operate as an IGBT. 

FIGS. 22 and 23 are cross-sectional views corresponding roughly to 
FIGS. 16 and 17 showing fabrication of a recessed gate field effect power 
MOS device in accordance with a fourth embodiment of the invention. 

FIG. 24 is a cross-sectional view corresponding to FIG. 3 showing an 
25 alternative form of the mask surrogate pattern definition layer. 

FIG. 25 is a plan view of a die showing an improved interdigitated 
finger layout. 
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DETAILED DESCRIPTION 
FIG. 1 is a cross-sectional view of a portion of a silicon substrate 20 on 
which beginning doped layers including body and drain regions have been 
formed to begin fabrication of a recessed gate field effect power MOS device 
5 in accordance with a first embodiment of the invention. The process starts 
by forming a <100> oriented N-type epitaxial layer 24 on a P+ wafer 22. 
This substrate will be used to make an IGBT-type four-layer device. An N+ 
wafer can be substituted to make a three-layer power MOSFET. Then, a P- 
type body layer 26 is formed either by implantation (e.g., boron) and diffusion 

10 to a 2 - 3 pm depth into the N-epitaxial layer or by deposition of a 2 -3 pm 
P-epitaxial layer atop the N-epitaxial layer. The N-type epitaxial layer is 
doped to a concentration of about 10 16 cm" 3 (resistivity in the range of 0.1 to 
1.0 U-cm) and has a thickness of 2 to 3 pm and the P-epitaxial layer is 
doped to a concentration of about 10 17 cm" 3 and has a thickness of 2 to 3 

15 pm for low voltage (e.g., 60V) MOSFETs. The N-type epitaxial layer 24 
includes an N+ buffer layer at the interface with the P-type substrate, as is 
known. For higher voltage devices, layers 24, 26 are generally more lightly 
doped and thicker, as described in commonly-assigned U.S. Ser. No. 
07/852,932 , filed March 13, 1992, now U.S. Pat. No. 5,262,336, incorporated 

20 herein by this reference. For example, N-type layer 24 has a doping 
concentration of about 10 14 cm" 3 and a thickness of 85 pm and P-type layer 
26 has a doping concentration of about 5x1 0 16 cm" 3 for 1000V devices). 
Voltages can also be adjusted by varying the untrenched P-base width, 
trench depth and width, and epitaxial doping concentration. 

25 FIG. 2 shows the further steps of forming a trenching protective or 

mask surrogate pattern definition layer 30 on the upper surface 28 of 
substrate 20. As shown in FIG. 2, layer 30 is a thin oxide/PolySi/thick oxide 
tri-iayer structure. FIG. 24 shows an alternative four-layer structure further 
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described below. Layer 30 is formed by a thin thermal oxide layer 32 on 
surface 28, a PECVD polysilicon layer 34, and a LPCVD thick oxide layer 36. 
The top oxide layer 36 provides selective protection against silicon trench 
etching and polysilicon gate etching, preferably by SF 6 -0 2 plasma etching. In 
5 one embodiment, oxide layer 36 is preferably -5000 A thick but can be 1000- 
8000A thick depending on trench depth, gate polysilicon thickness and the 
etch rate selectivity between silicon and oxide. The 5000A oxide film is 
sufficient to block 2-5 pm of silicon trenching plus additional margin for gate 
polysilicon etching. The polysilicon layer 34 in this embodiment is preferably 

10 1000-3000A thick and is used to protect the future source region, to support 
the sidewall spacers, and to enable the deposition and complete isolation of 
gate polysilicon. The lower oxide layer 32 is preferably -1000A thick (range 
of 500-2000A thick) and serves as an etch stop under the polysilicon layer. 

FIG. 3 shows the steps of masking and patterning the trenching 

15 protective layer. A photoresist layer 38 is applied over layer 30 and is 
patterned to define protected regions 40 and etched away regions 42 in layer 
30 in successive etching steps of layers 36 and 34. Regions 42 and 40 can 
be stripes, a rectangular or hexagonal matrix, or other geometries of design. 
In a cellular design, regions 40 are discrete blocks or islands separated by 

20 interconnecting regions 42. 

FIG. 4 shows the removal of photoresist layer 38 and formation of 
sidewall spacers 44 along opposite vertical sides of the pattern-defining tri- 
layer regions 40. The sidewall spacers 44 are formed using known 
procedures by a conformal LPCVD oxide layer, preferably of 0.5-1 pm 

25 thickness, which is reactive ion etched anisotropically. The spacer etch is 
controlled to end when substrate silicon is exposed in areas 46 of silicon 
substrate exposed between the sidewall spacers 44 within regions 42 so that 
the top oxide layer 36 is only slightly eroded. The spacers have a laterally 
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exposed or outer face 47 and an inner face 48 contacting the sides of the 
pattern-defining regions 40 at this stage in the process. 

FIG. 5 shows forming a trench 50 in the silicon substrate in each of the 
exposed areas 46. This first anisotropic etching step is accomplished by 
5 reactive-ion etching, preferably by SF 6 -0 2 plasma etching as described in 
commonly-assigned U.S. Pat. No. 4,895,810 (see FIG. 13E), controlled to 
form a series of spaced trenches 50 in the substrate 20 with minimal damage 
to the silicon surface and straight vertical sides aligned with the outer faces 
47 of the sidewall spacers. The spacing between the outer faces 47 of 

10 spacers 44 determines the width 54 of the trench 50 as a function of lateral 
thickness 52 of the spacers. Thickness 52 also partially determines the 
eventual lateral thickness of the source regions as formed in FIG. 11. In this 
embodiment, the depth 56 of the trench is sufficient (e.g., 2 |jm) to penetrate 
through the P-type layer 26 just into an upper portion of the N-type layer 24. 

15 This step laterally isolates regions 26' of the P-type layer covered by the 
pattern-defining tri-layer regions 40. Regions 64 can be stripes in an 
interdigitated design or connecting network in a cellular design. 

Following trenching, a thermal gate oxide layer 60 is grown, as shown 
in FIG. 6, on the trench side and bottom walls below the sidewall spacers. 

20 The gate oxide layer has a thickness 66 that is selected as needed to 
provide a punchthrough resistant gate dielectric, e.g., -500A. Then, the 
trench is refilled with LPCVD polysilicon gate material 62, extending into the 
trenches 50 and over trenching protective structures 40. The polysilicon 
gate material 62 is doped to about 20U/D. 

25 Referring to FIG. 7, a second anisotropic etch is next used to etch the 

polysilicon material 62 back to about the level of the original substrate 
surface, again exposing the the trenching protective structures. This step 
leaves vertical trenches 70 between the sidewall spacers 44 like trenches 50 
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but ending at the upper surface 64 of the remaining polysilicon material 62. A 
silicide can be formed in the remaining polysilicon material at this step to 
further reduce gate resistance, for example, by refractory metal deposition 
and silicide formation. Then, a CVD oxide (or oxynitride) isolation layer 68 is 
5 deposited into the trenches 50 over the remaining polysilicon material 64 and 
over the trenching protective structures 40. 

U.S. Pat. No. 4,895,810, incorporated by reference herein, teaches 
exemplary metal processes to reduce resistance across a surface of the 
gate polysilicon between the two sidewall spacers. Referencing FIG. 6B 

10 (FIG. 19 of U.S. Pat. No. 4,895,810), a metal layer of substantial electrical 
conductivity, preferably 500 to 1 ,000 angstroms of tungsten, is deposited by 
selective CVD deposition to form ohmic contacts 275, 276 in silicon trench 
263 and on the polysilicon layer 232. This means of tungsten deposition 
preferentially metallizes the exposed silicon (new layer 275) and polysilicon 

15 (new layer 276) surface but not the oxide sidewalls 262a. Alternatively, 
contacts 275, 276 can be made by selective silicide formation. 

To carry the high current out of the silicon, additional metal has to be 
placed on top of the tungsten layer. This may be done by many methods 
including plating, evaporation and sputtering. If plating is utilized, and/or 

20 lead based plating, the new metal layer plates out preferentially on tungsten 
requiring no metal etching afterwards. If sputtering or evaporation of 
aluminum is used, more steps are needed since these deposition 
techniques are typically not sufficiently selective. 

As shown in FIG. 6B, as inherently effected by the selective 

25 depositions, the metal and/or silicide are formed co-extensively over the 
polysilicon surface. 

Still referring to FIG. 6B, a mask-surrogate pattern-definer 240 which 
is removal-formed directly in layer 232, either by laser-beam impingement, 



12 



Patent Application 
Attorney Do. No. 1138-71 



or by ion-beam bombardment. Immediately above P-type region 222 and 
N-type region 224, at the upper surface of the substrate, are a gate-oxide 
layer (SiO.sub.2) 226 also referred to as a MOS outer layer. The substrate 
includes a base N+ doped layer 218, and an N- doped epitaxial layer 220. 
5 A short implant activation/diffusion cycle is used to create diffused source 
region 224a. 

FIG. 8 shows the device after anisotropically etching off the upper 
portion of the isolation oxide 68 and the upper thick oxide layer 36 of the 
trenching protective layer 30. The etch stops when the top surface 70 of the 

10 original polysilicon layer is exposed, leaving oxide plugs 68 atop the surface 
64 of polysilicon material 62 between shortened sidewall spacers 44\ At this 
stage, the top surface of the intermediate device appears in plan view as a 
series of alternating oxide and polysilicon stripes 68, 70, or as an 
interconnected region 68 with isolated regions 70 as shown in FIG. 13. 

15 FIG. 9 shows the further steps of etching away the original polysilicon 

layer 34 followed by etching away the thin lower oxide layer 32 of the 
trenching protective layer 30 to expose the original substrate surface 28, 
which now appears as stripes 28' or isolated zones, exposed between the 
sidewall spacers 44 1 which now appear on opposite sides of oxide plugs 68. 

20 FIG. 10 shows diffusing N+ source regions 72 into an upper layer of 

exposed stripes of the substrate just beneath the original substrate surface 
28\ This is preferably done by shallowly implanting a dose of about 5 x10 15 
cm" 2 of arsenic or phosphorus atoms, and heat treating to activate the 
implant. The resulting source region 72 should be diffused to a depth 74 of 

25 about 1 pm or slightly less. This step could be performed alternatively by 
gaseous diffusion. It could also be performed earlier in the process, e.g., 
after forming the P-type body layer in FIG. 1 . The above-described sequence 
and method are preferred, however, as giving more control over MOSFET 
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channel length as further described below. 

Next, referring to FIG. 11, a second anisotropic etch of the substrate 
silicon is performed to form a second trench 80 in the substrate material 
between the sidewalls 44' and gate isolation oxide plugs 68 enclosing the 
5 gate polysilicon material 62 and gate oxide layers 60. The etching technique 
used is preferably by SF 6 -0 2 plasma etching, as noted above, to form the 
trenches with straight vertical sides aligned with the now exposed inner faces 
48 of the sidewall spacers. The trench depth 82 is at least 1 pm so as to 
penetrate at least through the N+ diffusion and a portion of the P layer 26 but 

10 less than original thickness of layer 26 so that a P+ layer with thickness 84 
of about 1 pm remains at the base of trench 80. As a result of this step, the 
N+ region is reduced to vertically oriented N+ source layers 86 having a 
lateral thickness 88 that is approximately equal to the difference between the 
thickness 52 of the sidewall spacers (see FIG. 5) and about half of the 

15 thickness 66 of the gate oxide layer (see FIG. 6). For a sidewall spacer 
thickness 52 of about 1 pm and a gate oxide thickness of -500 A, the N+ 
layer has a lateral thickness of <1 pm, e.g. -9750A. For a sidewall spacer 
thickness 52 of about 0.5 pm and a gate oxide thickness of -500 A, the N+ 
layer has a lateral thickness of < 0.5 pm, e.g. -4750A. 

20 The N+ source layers 86 each sit atop a thin vertically-oriented layer 

90 of P substrate material, which provides the active body region in which a 
vertical channel of the MOSFET device is formed when the gate is suitably 
biased. This channel exists on all sides of the gate structure. The depth 74 
of the N+ implant (FIG. 10) and the depth of the P diffusion 26 determine the 

25 ultimate vertical MOSFET channel length of the device. A typical channel 
length of about 1-2 pm is produced using the dimension disclosed herein, 
but can readily be altered as needed to define the MOSFET device switching 
characteristics. The overall vertical height 83 of the P layer must be 
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sufficient to avoid punchthrough, suitably 1-2 jjm at the P doping 
concentrations provided herein. The lateral thickness of the P layer 90 
provides a very short lateral pinched P-base controlled by sidewall spacer 
thickness. If the sidewalls of the trench are strictly vertical, the active body 
5 region 90 has a similar lateral thickness to that of the N+ layer, -5000 A. In 
practice, the body region 90 lateral thickness can vary slightly from that of 
the N+ layer. The key point is that lateral thickness of both layers 86, 90 can 
be controlled by controlling the lateral thickness of either the gate oxide layer 
60 or the sidewall spacers 44, or both. Another key point is, that by using this 
10 method the pinched base can be made much narrower than in conventional 
lateral channel VDMOS devices, which typically have a pinched base width of 
3-4 ym. 

Optionally albeit preferably, a second, shallow P-type implant and 
anneal can be performed at this stage to provide an enhanced P+ conduction 

1 5 region 93 (see FIG. 13) in the remaining P-type layer 26" at the base of the 
trench 80, as described in commonly-assigned U.S. Pat. No. 4,895,810 (see 
FIGS. 13D and 14), incorporated herein by this reference. This can further 
improve source metal contact to the P-body and reduce pinched-base 
resistance in a totally self-aligned manner without materially affecting 

20 threshold doping of the active channel region that remains in layer 90 after 
forming the gate oxide layer 60. 

The remainder of the process generally follows prior art methods and 
so is only generally described. FIG. 12 is a cross-sectional view showing 
frontside and backside metallization 94, 98. The frontside metal 94 extends 

25 downward into the trenches 80 to form conductive source contacts or fingers 
96 which vertically short the source and body layers 86, 90 together as well 
as contact the top surface of the remaining P-type layer 26" at the bottom of 
the trench. The backside metal 98 forms the drain contact or cathode. The 
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completion steps also include opening gate contact vias at discrete locations, 
which can be done in this process without critical alignment, and passivating 
the surface. 

Further to such completion and as incorporated herein by reference 
5 to U.S. Pat. No. 5,262,336, for example, a second layer of metal is 
deposited in gate pad regions of the gate contact layer in isolation from the 
source pads over a passivation layer. Additionally, a double or a triple 
layer of metal can be deposited in the source bonding pad and bus areas. 
This measure improves current handling capability, links the source metal 

10 areas together in isolation from the gate pads and busses. 

Referencing FIG. 6C (FIG. 16B of U.S. Pat. No. 5,262,336), a layer 
272 can be applied on top of areas 230 and 228. This layer may be a resin 
such as photoresist or any number of other compounds such as polyimide 
or spin-on glass. Layer 272 is applied to assist surface planarization and 

15 may be applied using spin, spray, or roll-on techniques familiar to one 
skilled in the art to give the preferred coating. Planarization can be done by 
conventional techniques familiar to one skilled in the art, such as plasma 
etching, ion milling, reactive ion etching, or wet chemical etching. The 
underlying layers 228 and 230, of the source and gate respectively, remain 

20 covered and thus unetched. Next, artifacts 274 are etched away, and any 
metal extending downward along the sidewalls can be removed by 
continuing the etch. In some procedures, layer 272 is then removed by any 
conventional means. However, if layer 272 is a material that can remain on 
the device surface, such as glass, its removal is not necessary. A 

25 passivation layer is then deposited, as is commonly done. 

In accordance with an exemplary embodiment of the present 
invention, the passivation layer comprises at least one of the group 
consisting of oxide, nitride, glass and phosphosilicate glass (PSG), e.g., as 
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set forth in incorporated 5,262,336 (e.g., at column 24, line 61 to column 
27, line 50). 

Still referring to FIG. 6C, epitaxial layers 219 and 220 are deposited 
on the bulk of the substrate 218. A region 225 of the N-substrate region 
5 220 extends to the substrate surface and provides a MOSFET drain 
conduction path between lateral regions 222. Phosphorus region 271 is 
introduced to the exposed silicon surface of regions 224 and 267 to 
enhance subsequent source metal 228 contact to region 224. Overhang 
264 tends to shield a portion of the exposed silicon trench sidewall 
10 immediately under the spacers and thereby enhances separation from 
conductive layer 230. Sidewalls 262 are on the vertical sides of layers 232 
and 226. 

The foregoing method has several advantages over prior art methods. 
The N and P-type contact areas are created without a mask. The channel 
15 area is increased The pinched P-body width lateral width is reduced. The 
overall device has a higher packing density from savings of surface area due 
to formation of the source contacts on the trench sidewalls. The device has 
lower resistance due to higher surface mobility resulting from the low stress 
process. 

20 FIG. 13 is a perspective and partially-sectioned view of a device 100 

made by the process of FIGS. 1 -12 but using an N+ wafer 22 f to make a 
three-layer power MOSFET rather than a four-layer device. Having already 
described the method of fabrication in detail, the resulting device is only 
described generally, using the same reference numerals wherever applicable. 

25 In this perspective view, the isolated source and P-body structures are 
confined within discrete islands separated by an interconnecting crisscross 
pattern or matrix gate structure. Other array arrangements, such as 
arranging the source blocks in a hexagonal geometry, can be done as well. 
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A cellular design with isolated source islands surrounded by a gate mesh in 
a trench can significantly reduce gate resistance, an important factor in very 
large area devices. The result is a castellated structure of rectangular device 
cells 102, each receiving a downward protruding finger 96 of source metal, 
5 and separated from one another by a contiguous matrix of recessed gate 
structure 60, 62, 68 as shown in FIG. 13. 

The device 100 has a silicon substrate 20 including a silicon wafer 22 
(P+ as in FIGS. 1-12) or 22' (N+ in FIG. 13) with, successively, an N-type 
epitaxial layer 24 forming a drain or drift region and a P-type layer 26" 

10 forming a body or base region. The P-type region includes castellated 
vertical P-type layers 90 in which the active channels are formed. Atop the 
vertical P-type layers 90 are vertically aligned vertical N-type layers 86 which 
form the source regions of the MOSFET device. Atop the vertical N-type 
layers 86 are vertically aligned spacers 44' which serve together with oxide 

15 plugs 68 in the final device to isolate the source metal 94 from the gate 
polysilicon 62. The gate polysilicon material 62 is isolated vertically from 
upper surface of substrate layer 24 by a horizontal portion 60A of gate oxide 
layer 60 extending beneath the gate polysilicon and laterally from the 
vertically aligned vertical N4ype and P-type layers 86, 90 by a vertical portion 

20 60B of gate oxide layer 60. 

FIGS. 14-20 show a second embodiment of the invention in which a 
recessed gate field effect power MOSFET device is fabricated with a gate 
structure, formed by a double polysilicon structure separated by oxide, which 
terminates depthwise in substrate 120 within an N+ wafer layer 122. The 

25 purpose of this modification is to achieve the lowest possible on-resistance in 
a power MOSFET without losing voltage blocking capacity. This modification 
to the process uses the same steps as shown in FIGS. 1-4 with an N+ 
substrate 122 and the same features are identified with the same reference 
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numerals, Except as stated below, the process details are like those 
described above in the first embodiment. 

FIG. 14 is a cross-sectional view corresponding to FIG. 5 except that 
the sidewall spacers 144 have a greater thickness 152, e.g., 0.8 to 1.0 (jm vs. 
5 < 0.5 pm for the first embodiment, or are made of oxynitride or other silicon- 
etch resistant material to tolerate longer etching, and the trenches 150A 
between the sidewall spacers are anisotropically etched to a depth 156A 
(e.g., 5-6 pm for a 60V device) through the epitaxial layer 24 to the N+ silicon 
wafer layer 122. 

10 FIG. 15 corresponds to FIG. 6 and shows the formation of a thick oxide 

layer 160A on the deep trench surfaces and a deep LPCVD polysilicon filler 
162 A into the trenches 150A and over the trenching protective structures 30. 
The oxide layer 160A in this example has a thickness 166A of 2000 to 
3000A. This first gate polysilicon layer 162A can but need not be doped. 

15 FIG. 16 shows the further steps of etching the polysilicon layer 162A 

and thick oxide layer 160A downward to a level slightly below the P-body 
region 26, as indicated by arrow 156B. What remains is a shallower trench 
150B with a depth 156B comparable to depth 56 of trench 50 in FIG. 5. The 
polysilicon layer 162 A is anisotropically etched to a level slightly below the 

20 final P-body junction depth, giving a trench 150B of depth 156B above the 
first polysilicon approximately equal to the polysilicon thickness in the tri-layer 
film 30 and the P-body thickness. The thick oxide is then etched off the 
sidewalls of the trench 150B wherever it is not protected by the remaining 
polysilicon 162A. 

25 Next, as shown in FIG. 17, a thin gate oxide layer 160B is thermally 

regrown on the reduced depth trench sidewalls and the upper surface of the 
deep polysilicon filler to a thickness 66 as in the first embodiment. Then, 
doped gate polysilicon 162B is deposited into the trenches 150B atop oxide 
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layer 160B and over trenching protective structures 30. 

FIG. 18 is a cross-sectional view corresponding to FIG. 7 showing the 
further steps of etching the polysilicon to a level about the level of the original 
substrate surface and depositing isolation oxide 68 into the trenches 150B 
5 and over the trenching protective structures. These steps are followed by 
steps like those shown in FIGS. 8-10 above. 

FIGS. 19 and 20 are cross-sectional views corresponding to FIGS. 11 
and 12 showing the further steps of forming the second trench and 
metallization in a device with the double polysilicon gate structure developed 

10 in FIGS. 14-18. Trenches 180 are formed in the N+ source regions between 
the sidewalls 144' and gate isolation oxide plugs 168 enclosing the gate 
polysilicon material 162B and gate oxide layers 160B. The N+ region is 
reduced to vertically oriented N+ source layers 86 having a lateral thickness 
88 atop vertical P-type layers 90 as described above at FIG. 1 1 . 

15 The prior art problem of losing breakdown voltage range when the 

trench depth reaches the substrate is eliminated by the presence of the 
thicker first gate oxide 160A. The thicker gate oxide layer shifts the gate- 
drain voltage drop from silicon to oxide. At the same time, the second thinner 
gate oxide preserves the enhancement mode MOSFET channel 

20 conductance. Conductance exceeding the first embodiment and prior art 
designs can be achieved with minimal additional processing steps. 

FIG. 21 is a cross-sectional view corresponding to FIGS. 12 and 20 
showing a third embodiment of the method of fabrication of a device with a 
double polysilicon gate structure to provide protection against gate oxide 

25 rupture for high voltage devices while thin sidewall oxide preserves channel 
conductivity. In this example, the double polysilicon gate structure has a first 
thick oxide layer 260A and polysilicon layer 262A formed in a trench having a 
depth 256 (e.g., 3 pm) greater than depth 56 of trench 50 but shallower than 
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the depth 156 of trench 150. The trench in this case terminates depthwise in 
substrate 20 within the N-type epitaxial layer 24 above an N+ buffer formed 
on a P+ wafer layer 22 to operate as an IGBT or other gate controlled four- 
layer device. In this embodiment as well as the first embodiment, the 
5 narrowest lateral dimension of region 40 (FIG. 3) that photolithography can 
control is used to minimize trench comer field and optimize breakdown 
voltage. 

FIGS. 22 and 23 are cross-sectional views corresponding roughly to 
FIGS. 16 and 17 showing fabrication of a recessed gate field effect power 

10 MOS device in accordance with a fourth embodiment of the invention. In this 
embodiment, as in the second and third, an initial thick (-2500A) layer 160A 
of thermal oxide is formed on the sidewalls and bottom wall of trench 150. 
Then, rather than using filled and etched-back polysilicon, photoresist138 is 
pooled in the bottom of the trench 150 and, when hardened, is used to 

15 protect the initial thick oxide layer in the lower portion of the trench while the 
sidewall portions of layer 160A are etched away. Next, after using known 
solvents to strip the photoresist 138, gate oxide 160B is regrown on the 
trench sidewalls above oxide 160A to a suitable thickness (-500-1 000A) as 
previously described at FIG. 17. Then, doped polysilicon gate material 62 is 

20 deposited as described above at FIG. 6, and the remainder of the device is 
completed by the steps shown in FIGS. 18-21. The approach shown in 
FIGS. 22 and 23 is simpler than the double polysilicon structure of FIGS. 
14-1 7, and accomplishes essentially the same result. 

FIG. 24 is a cross-sectional view corresponding to FIG. 3 showing an 

25 alternative form of the mask surrogate pattern definition layer 330. The 
protective layer 330 has, atop initial oxide layer 32, a polysilicon multi-layer 
structure preferably including two polysilicon layers with an intermediate etch- 
stop oxide layer. In this embodiment, the lower polysilicon layer 334 is thicker 
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(e.g., 1 5000-1 6000A) than layer 34, the intermediate etch-stop oxide layer 
336 is thinner (e.g., 1 000-2000A) than layer 36 and is covered by a 
polysilicon layer 338 of about 5000A. The top polysilicon layer 338 is a 
sacrificial layer to be removed when trench 50 is formed, using oxide layer 
5 336 as an etch stop. The top surface of lower polysilicon layer 334 indicates 
an endpoint for the etching the isolation oxide layer (FIGS. 7 and 8) to 
produce plugs 68. The thickness of polysilicon layer 334 determines the 
height down to which plug 68 is etched. Layer 334 is removed using oxide 
layer 32 for etching end point detection, and then layer 32 is removed prior to 

10 N+ implantation and the second trenching step. 

U.S. Pat. No. 5,262,336, incorporated by reference herein, teaches a 
pattern for a preferred doping with reference to a preferred die layout shown 
in FIG. 25 (FIG. 18 of U.S. Pat. No. 5,262,336). Referring to FIG. 25, a 
preferred interdigitated finger structure on a rectangular die includes two 

15 gate pads 312 at opposite ends of the die, a main gate bus 313 extending 
lengthwise (vertically in the drawing) between the gate pads through the 
center of the die, secondary (horizontal) gate buses 314 spaced at intervals 
perpendicular to the main gate bus, and a series of source pads 316 and 
buses 317 spaces between the main gate bus and the sides of the die 

20 between each secondary gate bus. It is obvious that gate pads need not be 
located as shown. Alternative positions, such as one central located gate 
pad, are common. After forming the source and gate metal layers 228, 230, 
a second layer of metal is deposited to form thick gate pads 312 and buses 
313, 314 and source pads 316 and buses 317 to bring electrical 

25 connections from outside the device and to allow the gate signal to travel 
throughout a very large area device with minimal delay. 

Having described and illustrated the principles of the invention in a 
preferred embodiment thereof, it should be apparent that the invention can 
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be modified in arrangement and detail without departing from such principles. 
For example, it is not necessary to form the second trench and vertical 
channel structures throughout the device. A portion of the device upper 
surface could be masked off at appropriate steps (e.g. f at FIG. 1 and after 
5 FIG. 4) and this portion can be used in the manner described in the 
commonly-assigned patents to form a double-diffused lateral MOS device 
on part of the same die as the above-described recessed gate vertical 
channel device. This variation would be useful in making MOS controlled 
thyristors (MCT). We claim all modifications and variations coming within the 
1 0 spirit and scope of the following claims. 
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